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SYSTEM AND METHOD FOR DISPLAYING CARDIAC EVENTS 



Field of the Invention 

This invention relates generally to the field of medical devices, and more 
5 particularly to systems and methods for graphically displaying cardiac events. 



Background 

Medical devices, including cardiac stimulus devices such as implantable cardiac 
^pacemakers and implantable cardioverter defibrillators (ICDs), are surgically implanted 

10 within a patient. Cardiac stimulus devices have one or more electrical leads with one or 
more electrodes that conduct signals to and receive signals from the patient's heart. 
These lead(s) and their electrode(s) are placed in or around the heart. Each of the 
electrodes may be configured either to produce or pace a cardiac event, or to detect or 
sense an intrinsic cardiac event. Some medical devices record or otherwise collect these 

15 cardiac events. 

A programming device or programmer communicates with the medical device 
through a communication link. The collected data regarding the paced and sensed 
cardiac events is transferred from the medical device to the programmer through the 
communication link. One example of a communication link is a telemetry link that 

20 provides means for commands and data to be non-invasively transmitted and received 
between the programmer and the device. 

Medical devices collect more cardiac events at more cardiac sites as they 
provide more leads, electrodes per lead, and programming parameters for the leads. 
Thus, there is a greater need to present these cardiac events in a meaningful manner for 

25 comparison. For example, in the case of heart failure resynchronization, there is a need 
to determine how often a patient needs therapy and how often the patient is receiving 
therapy. Heart failure therapy relies on providing programmed paced cardiac events in 
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a chamber or combination of chambers, and failure to deliver these programmed paces 
is viewed as therapy failure. It is important to provide the clinician with diagnostics 
that reveal the loss of therapy as well as the reason for the loss of therapy. Based on this 
information, the clinician attempts to optimize the operation of the medical device for a 
5 particular patient by adjusting programmable parameters in the medical device. 

Therefore, there is a need in the art to provide a system and method for 
displaying cardiac events in a meaningful manner. 



Summary of the Invention 

10 The present subject matter addresses the aforementioned problems by providing 

a display that can be used to view and compare cardiac events that occurred at two or 
more cardiac sites. More particularly, the present subject matter displays data from two 
or more sites of a heart in a graph as two or more statistical distributions for the two or 
more sites. 

15 One aspect provides a programmer device that generally comprises circuitry for 

communicating with a medical device and a display. The medical device collects data 
regarding cardiac events that occurred at two or more cardiac sites. For example, the 
medical device collects data from two or more electrodes distributed in a single cardiac 
chamber and / or distributed in separate cardiac chambers. These cardiac events at these 

20 sites are represented in the display. The display provides a graph of the data as two or 
more statistical distributions for the two or more sites. In one embodiment, the graph is 
a histogram that generally comprises a plurality of histogram bins. Each of these 
histogram bins includes statistical distributions of cardiac events, and generally includes 
a first cardiac event distribution and a second cardiac event distribution. The first 

25 cardiac event distribution represents or displays cardiac events that occurred at a first 
cardiac site, and the second cardiac event distribution represents or displays cardiac 
events that occurred at a second cardiac site. According to one em bodiment, the 
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histogram provides both a right ventricular cardiac event distribution and a left 
ventricular cardiac event distribution in these histogram bins. 

In one embodiment, the first cardiac event distribution is adjacent to the second 



cardiac event distribution in these histogram bins. In an a lternative embodi ment, the 

5 histogram further comprises a histogram axis that extends through each of the histogram 
bins. The first and second cardiac event distributions are on opposing sides of this 
histogram axis. In either of these embodiments, the cardiac events that occurred at these 
two sites are presented in a meaningful manner as statistical or frequency distributions 
in a graph that assists a viewer in comparing these cardiac events to, for example, 

10 evaluate a therapy. Ac cordi ngjo^ne^ mbodiment , the first and second cardiac event 
distributions each provide distributions for both sensed intrinsic cardiac events and 
paced cardiac events. The first and second cardiac event distributions are distinguished 
using different colors, and the sensed and paced cardiac event distributions are 
distinguished using different fillings. 

15 Another aspect provides a system that generally comprises a medical device and 

a programmer. The medical device, such as a pacemaker or defibrillator, collects data 
regarding cardiac events that occurred at two or more cardiac sites. The programmer 
communicates with the medical device, retrieves the data, and displays the data in a 
graph as two or more statistical distributions for the two or more sites. According to 

20 one embodiment, the graph is a histogram that includes a right ventricular cardiac event 
distribution and a left ventricular cardiac event distribution. 

Another aspect provides a histogram for representing cardiac events that occur at 
two or more cardiac sites. The histogram generally comprises a plurality of histogram 
bins for the two or more statistical distributions. Each of the histogram bins generally 

25 includes at least a first cardiac event distribution and a second cardiac event distribution. 
The first cardiac event distribution represents or displays cardiac events that occurred at 
a first cardiac site, and the second cardiac event distribution represents or displays 
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cardiac events that occurred at a second site. According to one embodiment, the first 
cardiac event distribution is a right ventricular cardiac event distribution, and the second 
cardiac event distribution is a left ventricular cardiac event distribution. 

Another aspect provides a computer-readable medium encoded with a software 
5 program. The software program provides statistical distributions for two or more 

cardiac sites. The software program retrieves data regarding cardiac events occurring at 
these sites. According to one embodiment, the cardiac events are represented in a 
plurality of histogram bins in which each bin includes a first and second cardiac event 
distribution. 

10 Another aspect provides a method that generally comprises retrieving data 

regarding cardiac events that occurred or are occurring at two or more sites, and 
displaying the data in a graph as two or more statistical distributions for the two or more 
sites. According to one embodiment, displaying the data comprises providing a 
histogram having a plurality of histogram bins for the distributions, and providing a first 

15 cardiac event distribution and a second cardiac event distribution. The first cardiac 

event distribution represents cardiac events that occurred at a first site, and the second 
cardiac event distribution represents cardiac events that occurred at a second site. 
According to one embodiment, the histogram includes a left ventricular cardiac event 
distribution and a right ventricular cardiac event distribution. Also, according to one 

20 embodiment, the statistical distribution includes sensed intrinsic cardiac events and 
paced cardiac events. 

In one embodiment, the two or more sites include: at least one left ventricle site 
and at least one right ventricle site; at least two left ventricle sites; at least two right 
ventricle sites; at least one left atrium site and at least one right atrium site; at least two 

25 left atrium sites; at least two right atrium sites; at least two sites in a first ventricle and 
at least one site in a second ventricle; or at least two sites in a first atrium and at least 
one site in a second atrium. According to one embodiment, the cardiac event 
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distribution displayed in the histogram is determined by dividing an event count in bin 
by a denominator. The denominator is the sum of a total primary site sense count, a 
total primary site pace count, and a total secondary pace count. The secondary pace 
count includes only secondary pacing events in which no primary pace is delivered for a 
5 corresponding cardiac cycle. 

In the embodiments provided above, the inclusion of first and second statistical 
distributions does not preclude the inclusion of additional distributions; Le. third, fourth, 
etc. distributions. Additionally, the inclusion of the first and second cardiac sites does 
not preclude the inclusion of additional cardiac sites in additional locations; Le. third, 
10 fourth, etc. cardiac sites. 

These and other aspects, features, embodiments and advantages of the invention 
will become apparent from the following description of the preferred embodiments of 
the invention. 



15 Brief Description of the Drawings 

Figure 1 is a schematic view of a system according to one embodiment. 

Figure 2 is a block diagram of one embodiment of the system of Figure 1. 

Figure 3 is a first example of a cardiac event graph in which a first and second 
cardiac event distributions are adjacent to each other in a histogram bin. 
20 Figure 4 is a second example of a cardiac event graph in which a first and 

second cardiac distributions are on opposing sides of a histogram axis. 

Figure 5 is a flow diagram representing method and software program aspects. 

Figure 6 is an example of the cardiac event graph illustrating a desired therapy in 
which atrial tracking results in BV pacing. 
25 Figure 7 is an example of the cardiac event graph illustrating a desired therapy in 

which atrial tracking results in RV pacing. 

Figure 8 is an example of the cardiac event graph illustrating a desired therapy in 
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which atrial tracking results in LV pacing. 

Figure 9 is an example of the cardiac event graph illustrating a compromised 
therapy in which there is significantly reduced LV pacing due to LV oversensing. 

Figure 10 is an example of the cardiac event graph illustrating a compromised 
5 therapy in which there is reduced B V pacing due to the PR interval being smaller than 
the AV delay independent of rate. 

Figure 1 1 is an example of the cardiac event graph illustrating a compromised 
therapy in which there is reduced B V pacing due to the PR interval being smaller than 
the AV delay at elevated rates. 

10 

Detailed Description 

In the following detailed description, references are made to the accompanying 
drawings that illustrate specific embodiments in which the invention may be practiced. 
Changes in the electrical, mechanical, structural, logical or programming designs may 
15 be made to the embodiments without departing from the spirit and scope of the present 
invention. The following detailed description is, therefore, not to be taken in a limiting 
sense and the scope of the present invention is defined by the appended claims and their 
equivalents. 

The present subject matter addresses the aforementioned problems, and provides 
20 a graph of cardiac event data as two or more statistical distributions for the two or more 
sites. The graph allows a user to view and compare cardiac events at two or more 
cardiac sites in a meaningful manner. In one embodiment, the graph is a single 
histogram that generally comprises a plurality of histogram bins. The histogram bins 
represent cardiac events, and each of the histogram bins generally includes a first 
25 cardiac event distribution for cardiac events that occurred at a first site, and a second 
cardiac event distribution for cardiac events that occurred at a second site. Aspects of 
the present subject matter are provided herein. 
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One aspect, as illustrated in Figure 1, is a cardiac rhythm management system 
10. The system 10 generally comprises a medical device 12 and a programmer 14. The 
medical device 1 2 includes but is not limited to cardiac stimulation devices such as 
pacemakers and defibrillators. In addition to other functions, the medical device 12 
5 collects data regarding cardiac events that occurred or are occurring at two or more 
cardiac sites, i.e. two or more locations in or around a heart. 

The medical device 12 has an electrode system 16 comprised of at least one lead 
and at least one electrode 24 for each lead. Figure 1 shows an example in which there 
are three leads 18. The illustrated leads 18 are inserted into a patient's heart 26. The 

10 electrodes 24 transmit electrical signals or paces to the heart 26 and receive or sense 
intrinsic electrical signals from the heart 26. The lead(s) 1 8 and electrode(s) 24 are 
arranged, programmed and / or otherwise configured in an attempt to optimize the 
operation of the medical device 12 for a particular patient. 

The leads 18 and the electrodes 24 are physically arranged with respect to the 

15 heart 26 to properly transmit pace pulses and sense intrinsic signals from the heart 26. 
The medical device 12 is programmed to pace a cardiac event using a particular 
electrode or electrodes 24 and to sense a cardiac event using a particular electrode or 
electrodes 24. As such, the cardiac sites at which the cardiac events take place are 
determined by the position of the electrodes 24. For example, as generally shown in 

20 Figure 1 , a lead 1 8 may be inserted into the right atrium 42 and ventricle 44 so that an 
electrode 38 is positioned in the right atrium 42 and another electrode 40 is positioned 
in the right ventricle 44. A second lead 18 may be inserted through the coronary sinus 
and onto the left ventricle 52 (coronary sinus implant) so that electrodes 46 and 48 are 
positioned on the left ventricle 52, i.e. in the coronary vein located outside the ventricle, 

25 and form a dual electrode configuration for the left ventricle 52. 

The medical device 1 2, with its electrode system 1 6, is adapted for collecting 
data regarding cardiac events occurring at two or more cardiac sites. In some variations 
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or configurations, electrodes 24 are distributed among two or more of the chambers 42, 
44, 50 and 52 of the heart 26. And in other variations, two or more electrodes 24 may 
be in a single chamber of the heart 26, such as in the left ventricle 52 as illustrated in 
Figure 1 . Therefore, a non-exclusive list of available variations of the positions of the 
5 electrodes 24, and thus the cardiac sites, include a first site in a first cardiac chamber 
and a second site in a second cardiac chamber, a first site and a second site in a first 
cardiac chamber, and a first site and a second site in a first cardiac chamber and a third 
site in a second cardiac chamber. In one embodiment, the two or more sites include: at 
least one left ventricle site and at least one right ventricle site; at least two left ventricle 

10 sites; at least two right ventricle sites; at least one left atrium site and at least one right 
atrium site; at least two left atrium sites; at least two right atrium sites; at least two sites 
in a first ventricle and at least one site in a second ventricle; or at least two sites in a first 
atrium and at least one site in a second atrium. 

Figures 1 and 2 show the programmer 14 coupled or otherwise in 

15 communication with the medical device 12. In one embodiment, the programmer 14 is 
coupled through complementary telemetry circuits 28 that provide a radio frequency 
telemetry channel 30 between the programmer 14 and the device 12. The medical 
device 12 has programmable parameters that are adjusted in an attempt to optimize the 
medical device 12 for a particular patient, and the programmer 14 is used to change or 

20 program these parameters. Also, as discussed above, the medical device 12 collects 

cardiac event data, such as paced cardiac events and sensed intrinsic cardiac events, and 
stores it in memory 80. This data is transferred from the medical device 12, through the 
communication channel 30, and to the programmer 14, which has means for retrieving 
and displaying the data regarding these cardiac events. The programmer 14 retrieves 

25 the data regarding the cardiac events at these cardiac sites, and provides a graph 32 of 
these cardiac events. 

In one embodiment, the graph 32 is, or is formed on, an electronic screen display 
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34 such as a CRT monitor or a liquid crystal display LCD, for example, that forms an 
integral part of the programmer 14. In other embodiments, the display 34 includes other 
means for displaying the graph 32 of cardiac events, including but not limited to, 
printing out the graph 32 on a printer, and projecting the graph 32 of cardiac events on a 

5 device in communication with the programmer 14 such as, for example, a local 

peripheral device, a remote device, or a device networked to the programmer 14. Thus, 
the graph 32 may be produced as both a printed and projected image. 

As discussed earlier, in addition to its ability to pace and sense cardiac events, 
the medical device 12 provides means for collecting data regarding cardiac events that 

10 occurred at various cardiac sites where an electrode 24 is located, and collects or records 
data regarding these cardiac events in a memory 80. This data includes sensed intrinsic 
cardiac events such as sensed P waves and sensed R waves and / or paced cardiac events 
that have been induced by the medical device 12. These cardiac events are then able to 
be displayed by the programmer 14, which has means for retrieving data and further has 

15 means for representing the cardiac events occurring at these sites in a graph 32 on a 
display 34. In one embodiment, these means for retrieving data and means for 
representing the cardiac events are provided by hardware and programming. 

Tn g ne prn hodimen^ as generally illustrated in Figures 3 and 4, the graph 32 is a 
histogram 100 that generally comprises a plurality of histogram bins 102 that provide a 

20 statistical distribution of the cardiac events for these sites. Each histogram bin 102 

includes a first cardiac event distribution 104 for cardiac events that occurred at a first 
cardiac site, and a second cardiac event distribution 106 for cardiac events that occurred 
at a second cardiac site. The ventricular histogram has bins 102 that represent cardiac 
events that occur at a particular rate. For example, the illustrated histogram has bins 

25 102 that represent cardiac events within ten beats per minute intervals (i.e. "30-39" 

beats per minute, "40-49" beats per minute, and up to u 240-249" beats per minute). The 
increment used to define the histogram bins 102 may vary as desired for an application. 
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In the embodiment illustrated in Figure 3, the first cardiac event distribution 104 
is adjacent to the second cardiac event distribution 106. Referring to the "60-69" bin, 
the second cardiac event distribution 106 is provided adjacent to the first cardiac event 
distribution 104. In this illustrated embodiment, the first cardiac event distribution 104 
5 represents right ventricular cardiac events, and the second cardiac event distribution 106 
represents left ventricular cardiac events. Other embodiments display other cardiac 
event distributions for other cardiac sites. And as illustrated in the embodiment shown 
in Figure 3, the programmer 14 further provides a second histogram, i.e. atrial 
histogram 108, to represent atrial events. This second histogram 108 shows the paced 

10 and sensed atrial cardiac events, and further displays a programmed atrial trigger rate 
(ATR) 110. The second histogram 108 supplements the first histogram 100 that 
provides a graph of the cardiac event data as two or more statistical distributions for the 
two or more cardiac sites. As will be discussed below with respect to Figures 6 through 
1 1, the second histogram 108 along with the first histogram 100 provides a way in 

15 which a clinician can compare ventricular cardiac events against atrial cardiac events. 

Additionally, in one embodiment, a color scheme is used to distinguish the 
various distributions in the graph 32. Color schemes include the use of colors that 
display well on color monitors or printers, or gray tones for black and white monitors 
and printers. In the illustrated example of Figure 3, the sensed event in the right 

20 ventricle is darker than the sensed event in the left ventricle. Additionally, the 
distributions are further distinguishable using different fillings. In the illustrated 
example of Figure 3, a same color is used to display the paced events 112 and sensed 
events 1 14 for the right ventricle. Additionally, a same color is used to display paced 
events 112 and sensed events 1 14 for the left ventricle. The color used for the left 

25 ventricle is different than the color used for the right ventricle. The paced events 112 
and the sensed events 1 14 are distinguished by using a hatched filling for the paced 
events 112 and a solid filling for the sensed events 114. Although the exact color 
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scheme or fill scheme used may vary, these schemes enhance the ability of the graph 32 
to quickly and easily convey or represent the cardiac events in a meaningful way for 
viewing and comparison. 

In another embodiment illustrated in Figure 4, the histogram 100 further 
5 comprises a histogram axis 116 extending through each of the histogram bins. In this 
embodiment, each histogram bin 102 includes a first cardiac event distribution 104 and 
a second cardiac event distribution 106, with the first cardiac event distribution 104 and 
the second cardiac event distribution 106 on opposing sides of the histogram axis 116. 
Both the embodiment illustrated in Figure 3 and the embodiment illustrated in Figure 4 

10 provide a histogram 100 that allows a user to view and compare cardiac events at two or 
more sites in a meaningful manner as frequency distributions. 

Figure 2 illustrates a block diagram of the system 10 shown in Figure 1. In one 
embodiment, the medical device 12 is a programmable microprocessor-based system 
that generally comprises a processor 78, a memory 80, a telemetry circuit 28, pulse / 

15 sense circuitry 82, and a power supply or battery 84. The processor 78 and memory 80 
are used to control the process steps conducted by the medical device 12. For example, 
the processor 78 is programmed to detect a sensed condition or response in a patient's 
heart 26 and to respond appropriately. The memory 80 contains parameters for various 
pacing and sensing modes, and further stores data concerning the condition of the heart 

20 26 as derived from the received cardiac signals. In one embodiment, this stored data 
includes data regarding paced and sensed cardiac events. The medical device 12 uses 
the pulse / sense circuitry 82 to interface with the lead electrodes 24, i.e. to transmit the 
signal to the heart 26 and to receive the signal from the heart 26 through these 
electrodes 24. The telemetry circuit 28 enables the medical device 12 and the 

25 programmer 14 to communicate with each other. 

The illustrated programmer device 14 provides another aspect of the present 
subject matter. The programmer 14 generally comprises a processor 86, a circuit 28 for 
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communicating with a medical device 12, an input user interface 88, an output user 
interface 90, memory 92 and a power supply 94. In one embodiment, the circuit for 
communicating with a medical device comprises telemetry circuitry 28. As discussed 
earlier, the medical device 12 is capable of collecting or acquiring data for both sensed 
5 and paced cardiac events occurring at two or more cardiac sites. This data is 
transferred, retrieved or otherwise acquired by the programmer 14 through the 
communication circuitry 28. 

In one embodiment, the input user interface 88 includes, but is not limited to, a 
keyboard 96, a mouse 98, a light pen and a touch screen. Further, the output user 
10 interface 90 includes, but is not limited to, printers and displays. In one embodiment, 
the graph 32 is, or is formed by, an electronic screen display 34 such as a CRT monitor 
or LCD, for example, that forms an integral part of the programmer 14. In other 
embodiments, the display 34 includes other means for displaying cardiac events, 
including but not limited to, printing or projecting the graph 32 of the cardiac events on 
15 a device in communication with the programmer 14 such as, for example, a local 

peripheral device, a remote deyice, or a device networked to the programmer 14. Thus, 
the graph 32 may ^pro^^es^as both a printed and a projected image. 

Thus, according'to this aspect, the programmer device 14 generally comprises 
circuitry 28 for communicating with a medical device 12, and a display 34 upon which 
20 the graph 32 is produced. The circuitry 28 provides means for communicating with a 
cardiac stimulation device or medical device 12 that is adapted for collecting data 
regarding cardiac events occurring at two or more cardiac sites. 

The medical device 12 distributes electrodes 24 to the heart 26 to provide 
cardiac sites from which cardiac events are collected. In one variation, the medical 
25 device 1 2 distributes two or more electrodes 24 into one chamber of the heart. In 

another variation the medical device 12 distributes at least one electrode 24 into two or 
more chambers. In yet another variation the medical device 12 distributes two or more 
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electrodes 24 into one chamber and at least one electrode 24 into two or more chambers 
of the heart. As discussed above, these electrodes 24 are configured to either pace a 
cardiac event or to sense an intrinsic cardiac event, and the display 32 represents the 
cardiac events that occurred at the two or more sites where electrodes 24 are positioned. 
5 In one embodiment, the data collected by the medical device 12 and displayed include 
both paced cardiac events 112 and sensed intrinsic cardiac events 114. And since the 
medical device 12 is able to distribute the electrodes 24 in a number of ways, the two or 
more sites from which the cardiac event data are collected and displayed include: a first 
site in a first cardiac chamber and a second site in a second cardiac chamber; a first site 

10 and a second site in a first cardiac chamber; and a first site and a second site in a first 
cardiac chamber and a third site in a second cardiac chamber. These illustrated 
variations are not exhaustive or exclusive, but rather illustrate that multiple cardiac sites 
from which the cardiac events are collected and displayed may be distributed in one 
and/or among two or more chambers of a heart. Appropriate hardware and 

15 programming provide means for retrieving the data, and means for representing the 
cardiac events occurring at the cardiac sites in a display 32. 

The graph 32 already has been discussed above with respect to the system aspect 
10, and now is generally discussed here with respect to the programmer device 14. In 
one embodiment of the programmer device 14, the graph 32 is a histogram 100. The 

20 histogram 100 comprises a plurality of histogram bins 102 that provide frequency 

distribution(s) for representing cardiac events. Each histogram bin includes a first and a 
second cardiac event distribution 104 and 106. The first cardiac event distribution 104 
represents cardiac events that occurred at a first cardiac site, and the second cardiac 
event distribution 106 represents cardiac events that occurred at a second cardiac site. 

25 In one embodiment, the first cardiac event distribution 104 is adjacent to the second 

cardiac event distribution 106. In an alternative embodiment, the histogram 100 further 
comprises a histogram axis 116 extending through each of the histogram bins 102. The 
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first cardiac event distribution 104 and the second cardiac event distribution 106 are on 
opposing sides of this axis 116. 

According to one embodiment, the first cardiac event distribution 104 and the 
second cardiac event distribution 106 each include both paced cardiac events, i.e. a 
5 paced cardiac event distribution 112, and sensed intrinsic cardiac events, i.e. a sensed 
cardiac event distribution 1 14. Within this embodiment, the first cardiac event 
distribution 104 and the second cardiac event distribution 106 are formed by a 
summation of the paced cardiac event distribution 112 and the sensed cardiac event 
distribution 1 14. According to one embodiment as illustrated in Figure 3, the first 

10 cardiac event distributions 104 and the second cardiac event distributions 106 are 
distinguished using different colors, and the distributions associated with the paced 
cardiac events 112 and the sensed intrinsic cardiac events 1 14 are distinguished using 
different fillings. In the specific embodiment illustrated in Figure 3, the histogram 100 
represents both a right ventricular cardiac event distribution 104 and a left ventricular 

15 cardiac event distribution 106, and further includes a second histogram 108 to represent 

atrial events. 

Another aspect provides a histogram 100 for providing a statistical distribution 
of the cardiac event data for the two or more sites. The graph 32 has already been 
discussed above with respect to the system aspect 10 and programmer device 14 aspect, 

20 and now is discussed here with respect to the histogram display aspect 100. The 

histogram display 100 generally comprises or provides a plurality of histogram bins 102 
that represent cardiac events. Each of the histogram bins 102 include a first cardiac 
event distribution 104 or a portion thereof and a second cardiac event distribution 106 or 
a portion thereof. The first cardiac event distribution 104 represents cardiac events that 

25 occurred at a first cardiac site, and the second cardiac event distribution 106 represents 
cardiac events that occurred at a second cardiac site. Even if no cardiac events occurred 
in a bin 102, there still is a cardiac event distribution, or representation of the cardiac 
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event, for that bin because it represents that no event occurred with respect to that bin. 
For example, in the "40-49" rate bin of Figure 3, the first cardiac event distribution 104 
and the second cardiac event distribution 106 are zero. 

In one embodiment of the histogram, as generally illustrated in Figure 3, the first 
5 cardiac event distribution 104 is adjacent to the second cardiac event distribution 106 in 
each of the histogram bins 102, i.e. portions or representations of the distributions are 
provided adjacent to each other in each bin. For example, the "60-69" bin 102 of Figure 
3 contains both the first cardiac event distribution 104 and the second cardiac event 
distribution 106 side-by- side. In an alternative embodiment, as generally illustrated in 
10 Figure 4, a histogram axis 116 extends through each of the histogram bins 102, and the 
first cardiac event distribution 104 and the second cardiac event distribution 106 are on 
opposing sides of the histogram axis 116. 
^ — Because of the variety of ways in which the electrodes 24 of the medical device 
/ 12 can be arranged in a heart 26, there are a variety of combinations of cardiac sites 
15 from which cardiac event data is collected. In one variation, the first cardiac site is in a 
i first cardiac chamber and the second site is in a second cardiac chamber. One 

embodiment of this variation is reflected in the histogram 100 of Figure 3, in which the 

L first cardiac event distribution 104 is a right ventricle 44 distribution and the second 
cardiac event distribution 106 is a left ventricle 52 distribution. In another variation, the 
20 first cardiac site and the second cardiac site are in a first cardiac chamber. In yet 

another variation, there is a third cardiac event distribution for cardiac events at a third 
site. The first site and the second site are in a first cardiac chamber, and the third site is 
in a second cardiac chamber. These variations are provided as examples, and not as an 
exclusive list. 

25 In one embodiment the first cardiac event distribution 104 and the second 

cardiac event distribution 106 each include both paced cardiac events 112 and sensed 
intrinsic cardiac events 114. In one embodiment of the histogram 100, the first and 
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second event distributions 104 and 106 are distinguished using different colors, and the 
distributions for the paced cardiac events 112 and the sensed intrinsic cardiac events 114 
are distinguished using different fillings. 

In one embodiment as illustrated in Figure 3, the graph 32 includes tachy zone 
5 rate thresholds 120. The medical device 12 provides a particular therapy for the 

ventricular tachycardia, i.e. VT, a condition of the patient that is represented by these 
zones. Tachycardia is cardiac arrhythmia characterized by a rapid rate. This rapid rate 
may be normal as if induced by exercise, or may indicate a pathology. These tachy 
zone rate thresholds 120 are programmed boundaries that define zones or stages for a 

10 particular patient's condition for which a defibrillator, for example, applies either 

specially timed shocks or pulses or a high voltage shock to the heart muscle to interrupt 
or disrupt the fast rhythm. In the illustration of Figure 3, these zones include a 
ventricular fibrillation zone (VF) 122, an ventricular tachycardia zone (VT) 124, and a 
pre ventricular tachycardia zone (VT-1) 126. These zone rate thresholds 120 assist a 

1 5 user with evaluating therapy. 

In one embodiment, the histogram 100 may be projected on an electronic display 
or screen display 34 such as a CRT monitor or LCD. In another embodiment, the 
histogram 100 is printed on a printer. In one embodiment, the histogram 100 is 
provided by the programmer device 14 to an integral monitor or printer, a local 

20 peripheral, a networked resource, or a remote resource. In another embodiment, another 
device such as a stand-alone display device separate from the programmer 14 provides 
the histogram 100. This stand-alone display device has means for retrieving the data 
regarding the cardiac events occurring at the cardiac sites, and further has means for 
providing a graph 32 representing these cardiac events. 

25 Another aspect provides a software program 200 that provides a programming 

interface for an implantable medical device 12. Figure 5 illustrates a flow chart for the 
software program 200. The software program 200 is encoded in a computer-readable 
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medium, i.e. the memory 92 of the programmer 14 for example. The illustrated 
software program 200 generally executes the following: at 202, retrieving data 
regarding cardiac events occurring at two or more sites; and at 204, representing the 
cardiac events occurring at the two or more sites in a graph 32. Receiving data 
5 regarding cardiac events requires a collected data input 206 for the sites. As illustrated, 
this collected data is from the first and second cardiac sites. The present subject matter 
is not limited to two cardiac sites. The illustration shows that data may be taken from a 
third site or even additional sites, i.e. an Nth site. In one embodiment, this data is 
collected by the medical device 12 and is stored in the memory 80 of the medical device 
10 12. 

The graph 32 generated by the software program 200 generally comprises a 
plurality of histogram bins 102 that represent cardiac events. Each histogram bin 102 
includes a first cardiac event distribution 104 for cardiac events that occurred at a first 
cardiac site, and a second cardiac event distribution 106 for cardiac events that occurred 
15 at a second cardiac site. In one embodiment, the first cardiac event distribution 104 is 
adjacent to the second cardiac event distribution 106. Therefore, in one embodiment, 
representing the cardiac events in one display generally comprises: at 208, providing a 
histogram distribution 100 having a plurality of histogram bins 102; and at 210, 
providing a 1st, 2nd and even up to an Nth cardiac event distribution, or a portion or 
20 representation thereof, in one histogram bin 102. 

Because of the variety of ways in which the electrodes 24 of the medical device 
/ 12 can be arranged in or proximate to a heart 26, there are a variety of combinations of 
/ cardiac sites from which cardiac event data is collected. In one variation, the first site is 
in a first cardiac chamber and the second site is in a second cardiac chamber. In one 
25 embodiment that represents this variation, the first cardiac event distribution 104 is a 
right ventricle 44 cardiac event distribution and the second cardiac event distribution 
106 is a left ventricle 52 cardiac event distribution. In another variation, the graph 32 
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further comprises a third cardiac event distribution for cardiac events at a third site. The 
first site and the second site are in a first cardiac chamber, and the third site is in a 
second cardiac chamber. This third cardiac event distribution forms a third column 
adjacent to the first and second cardiac event distributions 104 and 106, or portions 
5 thereof, in the bins. 

Additional features of the display 32 have been discussed above with respect to 
the system 10, programming device 12 and histogram display 100 aspects of the present 
subject matter. 

Another aspect, also as generally illustrated in Figure 5, provides a method 300 

10 that generally comprises: at 202, retrieving data regarding cardiac events occurring at 
two or more sites; and at 204, representing the cardiac events occurring at the two or 
more sites in a graph 32. 

In one embodiment, representing the cardiac events comprises: at 208, providing 
a histogram 100 having a plurality of histogram bins 102 representing cardiac events; 

15 and at 210, providing a first cardiac event distribution 104 and a second cardiac event 
distribution 106 in one of the histogram bins 102. The first cardiac event distribution 
104 represents cardiac events that occurred at a first site and the second cardiac event 
distribution 106 represents cardiac events that occurred at a second site. 

In one embodiment, providing at 208 a first cardiac event distribution 104 and a 

20 second cardiac event distribution 106 in one of the histogram bins 102 comprises 

providing the first cardiac event distribution 104 adjacent to the second cardiac event 
distribution 106. In an alternative embodiment, providing at 208 a first cardiac event 
distribution 104 and a second cardiac event distribution 106 in one of the histogram bins 
102 comprises providing a histogram axis 1 16, and providing the first cardiac event 

25 distribution 104 and the second cardiac event distribution 106 on opposing sides of the 
histogram axis 116. 

<^°Because of the variety of ways in which the electrodes of the medical device 12 
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Ccan be arranged in or proximate to a heart 26, there are a number of variations with 
respect to the cardiac sites. In one variation, the first cardiac site is in a first cardiac 
chamber and the second cardiac site is in a second cardiac chamber. In one embodiment 
that represents this variation, the first cardiac event distribution 104 is a right ventricle 
5 44 distribution and the second cardiac event distribution 106 is a left ventricle 52 
distribution. 

In one embodiment, providing a first cardiac event distribution 104 and a second 
cardiac event distribution 106 in one of the histogram bins 102 comprises providing a 
first cardiac event distribution 104, a second cardiac event distribution 106 and a third 

10 cardiac event distribution in one of the histogram bins. The third cardiac event 

distribution is represented as a third column in the histogram bin 102, and represents 
cardiac events that occurred at a third cardiac site. In this embodiment, the first cardiac 
site and the second cardiac site are in a first cardiac chamber, and the third cardiac site is 
in a second cardiac chamber. 

15 Additional features of the graph 32 have been discussed above with respect to 

the system aspect of the present invention. 

Figures 6 through 1 1 provide examples of how the cardiac event display is used 
to provide the clinician with diagnostics that reveal loss of therapy. The examples 
provided herein are nonexclusive. Figures 6, 7 and 8 provide examples of the cardiac 

20 event display illustrating a desired therapy, and Figures 9, 10 and 1 1 provide examples 
of the cardiac event display illustrating a compromised therapy. 

Figure 6 provides an example of the cardiac event graph 32 illustrating a desired 
therapy in which atrial tracking results in BV pacing. The histogram 100 illustrates BV 
therapy, i.e. pacing in both the right and left ventricles as illustrated by the first and 

25 second cardiac event distributions 104 and 106, being delivered across all occurring / 
atrial rates as illustrated by the atrial histogram 108. The illustrated paced RV and LV 
events are the desired therapy when the device is programmed to deliver B V therapy. 
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Figure 7 provides an example of the cardiac event graph 32 illustrating a desired 
therapy in which atrial tracking results in RV pacing. The histogram 100 illustrates RV 
therapy, i.e. pacing in the right ventricle as illustrated by the first cardiac event 
distribution 104, being delivered across all occurring atrial rates as illustrated by the 
5 atrial histogram display 108. The illustrated paced RV events are the desired therapy 
when the device is programmed to deliver RV therapy. 

Figure 8 provides an example of the cardiac event graph 32 illustrating a desired 
therapy in which atrial tracking results in LV pacing. The histogram 100 illustrates LV 
therapy, i.e. pacing in the left ventricle as illustrated by the second cardiac event 

10 distribution 106, being delivered across all occurring atrial rates as illustrated by the 

atrial histogram 108. The illustrated paced LV events are the desired therapy when the 
device is programmed to deliver LV therapy. 

Figure 9 provides an example of the cardiac event graph 32 illustrating a 
compromised therapy in which there is significantly reduced LV pacing due to LV 

15 oversensing. The histogram 100 illustrates the compromise in therapy due to LV (left 
ventricle) sensing occurring before the ventricular escape interval. The ventricular 
escape interval is the period between a ventricular sensed event and the next ventricular 
output pace. In medical devices that use only RV (right ventricle) sensing to reset the 
ventricular escape time, these LV senses will inhibit LV pacing but not RV pacing. 

20 Therefore, the loss of LV pacing, but not RV pacing, as illustrated by the sensed event 
1 14 in the left ventricle cardiac event distribution 106 in this histogram 100 represents 
LV oversensing and has significant diagnostic value to the clinician. The clinician may 
be able to mitigate this loss of therapy by reprogramming the sensing characteristics of 
the LV channel, such as sensing level, refractory time, and blanking time. 

25 Figure 10 provides an example of the cardiac event graph 32 illustrating a 

compromised therapy in which there is^reduced B V pacing due to the PR interval being 
smaller than the AV delay independent of rate. The histogram 100 illustrates the 
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compromise in therapy due to sensing the RV, i.e. the sensed event 1 14 in the right 
ventricle cardiac event distribution 104, some of the time across all atrial rates as 
illustrated by the atrial histogram 108. This illustrates what would occur in a patient 
when the PR interval is shorter than the programmed AV delay much of the time and is 
5 not dependent on rate. The PR interval is the period between an atrial sensed event (P) 
and a ventricular sensed event (R), and the AV delay is the period between an atrial 
sensed or paced event and the delivery of a ventricular pace pulse. The clinician may be 
able to mitigate this loss of therapy by reprogramming the fixed AV delay to a shorter 
period. 

10 Figure 1 1 provides an example of the cardiac event graph 32 illustrating a 

compromised therapy in which there is reduced B V pacing due to the PR interval being 
smaller than the AV delay at elevated rates. The histogram 100 illustrates the 
compromise in therapy due to sensing the RV at elevated atrial rates. This illustrates 
what would occur in a patient when the PR interval decreases with increasing rate and 

15 eventually gets shorter than the programmed AV delay. The clinician may able to 

mitigate this loss of therapy by reprogramming the AV delay from fixed to dynamic or 
more aggressively reprogramming the AV delay if it is already enabled. 

Pacemakers can enforce a minimum heart rate either asynchronously or 
synchronously. In asynchronous pacing, the heart is paced at a fixed rate irrespective of 

20 intrinsic cardiac activity. There is thus a risk with asynchronous pacing that a pacing 
pulse will be delivered coincident with an intrinsic beat. Most pacemakers for treating 
bradycardia today are therefore programmed to operate synchronously in a so-called 
demand mode where sensed cardiac events occurring within a defined interval either 
trigger or inhibit a pacing pulse. Inhibited demand pacing modes utilize escape 

25 intervals to control pacing in accordance with sensed intrinsic activity. In an inhibited 
demand mode, a pacing pulse is delivered to a heart chamber during a cardiac cycle 
only after expiration of a defined escape interval during which no intrinsic beat by the 
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chamber is detected. If an intrinsic beat occurs during this interval, the heart is thus 
allowed to "escape" from pacing by the pacemaker. Such an escape interval can be 
defined for each paced chamber. For example, a ventricular escape interval can be 
defined between ventricular events so as to be restarted with each ventricular sense or 
5 pace. The inverse of this escape interval is the minimum rate at which the pacemaker 
will allow the ventricles to beat, sometimes referred to as the lower rate limit (LRL). A 
ventricular escape interval can also be triggered by an atrial sense in an atrial tracking 
mode. 

In ventricular resynchronization therapy, one or both ventricles are paced in an 

10 attempt to improve the coordination of ventricular contractions. In a ventricular 

resynchronization pacing mode, pacing stimulation is applied to one or both ventricles 
in a manner that improves the coordination of ventricular contractions and thereby 
improve ventricular pumping efficiency. 

In delivering such therapy, for example, it may be useful to pace only one 

15 ventricle on an inhibited demand basis in accordance with sense signals received from 
the opposite ventricle, pace one ventricle in a triggered mode in which an intrinsic beat 
in one ventricle triggers a pace in the opposite ventricle, pace both ventricles on an 
inhibited demand basis in accordance with sense signals received from only one 
ventricle, or pace both ventricles in a combination of triggered and inhibited demand 

20 modes. In the examples of resynchronization therapy that follow, the ventricular pacing 
modes are based upon intrinsic activity in the right ventricle. It should be appreciated, 
however, that equivalent embodiments could be applied to pacing modes based upon 
left ventricular intrinsic activity. 

One implementation of resynchronization therapy is biventricular (BV) pacing. 

25 In B V pacing, a left ventricular pace is delivered either simultaneously or in a timed 
relation with a right ventricle pace as specified by a biventricular offset interval. The 
offset interval may be zero in order to pace both ventricles simultaneously, positive in 
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order to pace the left ventricle after the right, or negative if the left ventricle is paced 
before the right. In many cases, pumping efficiency of the heart will be increased by 
simultaneous pacing of the ventricles with an offset of zero. However, it may be 
desirable in certain patients to pace one ventricle before the other in order to 
5 compensate for different conduction velocities in the two ventricles, and this may be 
accomplished by specifying a particular biventricular offset interval. The ventricles 
may be paced on an inhibited demand basis where the ventricular escape interval is 
restarted with either a ventricular pace or a right ventricular sense. The pacing mode 
may also include atrial tracking. In that case, a pair of ventricular paces are delivered 

10 after expiration of the AVI escape interval or expiration of the LRL escape interval, 
with ventricular pacing inhibited by a right ventricular sense that restarts the LRL 
escape interval or stops the AVI escape interval. Since the ventricular escape interval in 
this mode is reset or stopped by senses only from the right ventricle, a left ventricular 
protective period may be provided that starts with the occurrence of a left ventricular 

15 sense and lasts for a specified time. A left ventricular pace is then not permitted upon 
expiration of the escape interval if it would occur with the protective period. 

A variation of biventricular pacing is to pace only the left ventricle (LV-only 
pacing). LV-only pacing may be advantageous where the conduction velocities within 
the ventricles are such that pacing only the left ventricle results in a more coordinated 

20 contraction by the ventricles than with conventional right ventricular pacing or 

biventricular pacing. LV-only pacing may be implemented in inhibited demand modes 
with or without atrial tracking, similar to biventricular pacing. A left ventricular pace is 
then delivered upon expiration of the AVI escape interval or expiration of the LRL 
escape interval, with left ventricular pacing inhibited by a right ventricular sense that 

25 restarts the LRL escape interval or stops the AVI escape interval. As with BV pacing, a 
left ventricular pace may be inhibited if a left ventricular sense occurs within a 
protective period prior to expiration of the ventricular escape interval. Since an 
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inhibited left ventricular pace in this mode could result in a cardiac cycle with no 
pacing, the mode may be further modified such that a right ventricular safety pace is 
delivered if the left ventricular pace is inhibited and no right ventricular sense has 
occurred. 

5 The histogram represents event frequencies that may be produced by a 

pacemaker. In one embodiment, these pacing and sensing frequencies are calculated. 
For example, where paces are delivered only to the right ventricle in accordance with a 
pacing mode based upon right ventricular senses, the number of senses and paces 
occurring through the right ventricular channel are counted during each cardiac cycle for 
10 a specified period of time, and each counted sense or pace is assigned to an interval bin 
representing the R-R interval for that cardiac cycle. The event frequencies, which are 
expressed as a percentage of total cardiac cycles during the specified period of time, are 
calculated as follows: 

15 %RVS in bin = RVS count in bin / total RVS count + total RVP count 
and 

%RVP in bin = RVP count in bin / total RVS count + total RVP count 

where RVS is a right ventricular sense and RVP is a right ventricular pace. The 
20 denominator in each case is the total count of right ventricular senses and paces during 
the specified period of time. Since in an inhibited demand pacing mode based upon 
right ventricular senses, right ventricular senses and right ventricular paces are mutually 
exclusive for a given cardiac cycle, the denominator represents the total number of 
cardiac cycles. The formula thus correctly computes the frequency of occurrence for 
25 each sense and pace in a particular interval bin. 

In a pacemaker operating in a ^synchronization pacing mode that paces the left 
ventricle, using the formula with a denominator as set forth above will not result in the 
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correct event frequencies. In that case, using the above formula, the frequency of left 
ventricular senses would be: 

%LVS in bin = LVS count in bin / total LVS count + total LVP count 

5 

which gives an incorrect frequency if right ventricular pacing only is programmed since 
the denominator degenerates to just the total LVS count. Or, if biventricular pacing is 
programmed with a right ventricular sense frequency of 100% and loss of the left 
ventricular sensing, the denominator becomes zero. 

10 A pacemaker configured for biventricular pacing and sensing is operated in a 

mode where at least one ventricle is paced after expiration of a ventricular escape 
interval without receipt of a ventricular sense signal from one ventricle designated the 
primary ventricle, wherein the ventricular escape interval is restarted with either a 
ventricular pacing event or receipt of a sense signal from the primary ventricle. The 

15 ventricle other than the primary ventricle is designated the secondary ventricle. The 
number of senses and paces occurring through each ventricular channel during each 
cardiac cycle are counted for a specified period of time and with each counted sense or 
pace assigned to an interval bin representing the R-R interval for that cardiac cycle. The 
frequency of occurrence for the senses and paces in each interval bin over the specified 

20 period of time is then calculated by dividing the sense and pace count in each bin by a 
denominator equal to the sum of the total sense counts for the primary ventricle, the 
total pace counts for the primary ventricle, and the total pace counts for the secondary 
ventricle only for those cardiac cycles in which no pace was delivered to the primary 
ventricle. 

25 In one embodiment, the pacing mode is such that the right ventricle is the 

primary ventricle and the left ventricle is the secondary ventricle. For example, only the 
left ventricle or both ventricles may be paced in an inhibited demand mode based only 
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upon right ventricular senses with left ventricular senses used only to inhibit left 
ventricular paces. The formula for computing event frequencies then becomes: 

%event in bin = event count in bin / total RVS count + total RVP count + total LVP 
5 count 

where the LVP count includes only those left ventricular pacing events in which no 
right ventricular pace is delivered for that cardiac cycle. Incorporating both the RVP 
count and the LVP count into the denominator is beneficial for medical devices that 

10 switch autonomously between pacing modes (BV, RV and LV) to appropriately pace a 
patient under a variety of conditions. One condition under which the device may switch 
includes the detection of noise on one of the leads, in which case the device will pace 
from a lead without the noise. Another condition under which the device may switch 
includes a reversion to an ATR (Atrial Tachy Arrhythmia) mode, which occurs if or 

15 when the atrial rate is too high. 

The reference made above with respect to a primary ventricle and a secondary 
ventricle also applies in a broader sense to a primary cardiac site and a secondary 
cardiac site. These sites include the following sets of sites: at least one left ventricle 
site and at least one right ventricle site; at least two left ventricle sites; at least two right 

20 ventricle sites; at least one left atrium site and at least one right atrium site; at least two 
left atrium sites; at least two right atrium sites; at least two sites in a first ventricle and 
at least one site in a second ventricle; and at least two sites in a first atrium and at least 
one site in a second atrium. One site within each set is a primary cardiac site, and 
another site within each set is a secondary cardiac site. A cardiac event distribution is 

25 determined by dividing an event count in bin by a denominator. The denominator is the 
sum of a total primary site sense count, a total primary site pace count, and a total 
secondary pace count. The secondary pace count includes only secondary pacing events 
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in which no primary pace is delivered for a corresponding cardiac cycle. 

The present subject matter, as described above, is not limited to any particular 
chamber of the heart, or combination of chambers, or to any particular paced cardiac 
event or sensed cardiac event. Rather, the present subject matter covers any electrode 
5 placement inside or outside of the right and left atriums and ventricles and to various 
combinations of cardiac events. 

This application is intended to cover any adaptations or variations of the present 
invention. It is manifestly intended that this invention be limited only by the claims and 
equivalents thereof. 
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